Background: Significant hypotension is frequent after spinal anaesthesia and fluid administration as therapy is usually empirical. Inferior vena cava (IVC) ultrasound (US) is effective to assess fluid responsiveness in critical care patients. The aim of this study was to evaluate the IVCUS-guided volume optimization to prevent post-spinal hypotension. Methods: In this prospective, randomized, cohort study, 160 patients scheduled for surgery under spinal anaesthesia were randomized into a study group (IVCUS-group), consisting of an IVCUS analysis before spinal anaesthesia with IVCUS-guided volume management and a control group (group C) with no IVCUS assessment. The primary outcome was a relative risk reduction in the incidence of hypotension between the groups; secondary outcomes were the need for vasoactive drugs and the amounts of fluids required after spinal anaesthesia. We also tested the hypothesis of a correlation between IVC collapsibility index and hypotension after spinal anaesthesia. Results: The relative risk reduction of hypotension between the groups was 35% (IVCUS-group 27.5%, Group C 42.5%, P¼0.044, CI¼95%). The need for vasoactive drugs in the IVCUS-group was significantly lower compared to the C-group (P¼0.015), while the total amount of fluids was significantly superior higher in the IVCUS group (P<0.0001) compared to Group C. IVC collapsibility index was correlated with the amount of fluid administered (r
Editor's key points
Hypotension is common after spinal anaesthesia especially in the elderly. Pre-emptive intravenous fluid loading may be used before spinal anaesthesia but has the potential for volume overload. In this study, pre-emptive fluid therapy guided by inferior vena cava (IVC) ultrasound resulted in a lower incidence of postspinal hypotension and lower requirements for vasopressors. Use of IVC ultrasound was associated with higher volumes of fluid administration before spinal anaesthesia but the total volumes of fluid were similar in the ultrasound and control groups. These data suggest that IVC ultrasound may help optimize fluid status before spinal anaesthesia.
The most common side effects of spinal anaesthesia are bradycardia and hypotension. 1 2 The reduction in both cardiac output and systemic vascular resistance (SVR) contributes significantly to spinal anaesthesia-induced hypotension. However, in the elderly population (average age 68e72 yr) the physiology of spinal-anaesthesia-induced hypotension seems to be different compared to younger patients. At T4eT6 sensory levels of spinal anaesthesia, SVR decreases by 23e26%, central venous pressure by 2e3 mm Hg, and left ventricular end diastolic volume by 20%. The higher degree of resting sympathetic tone exhibited by elderly patients may explain the important decrease in SVR to sympathetic blockade compared with younger patients. 3 The most predictive variable for developing spinalanaesthesia-induced hypotension is peak sensory block level at or above T5 [odds ratio (OR) 3.8]. Other risk factors are chronic alcohol consumption (OR 3.1), emergency surgery (OR 2.8), age >40 yr (OR 2.5), history of hypertension (OR 2.2), baseline systolic blood pressure <120 mm Hg (OR 2.4), combined spinal/general anaesthesia (OR 1.9), and spinal puncture at or above L2-L3 interspace (OR 1.8). 1 4 5 To minimize haemodynamic impairment, preventive empiric volume loading is commonly performed in obstetric anaesthesia before injecting the local anaesthetic. 6 However, this carries the potential for volume overload, with particular risks for patients with cardiac disease. 7 Furthermore, several studies of prophylactic volume loading to prevent spinal anaesthesia-induced hypotension have provided inconsistent results, mostly due to different definitions of hypotension, different patient populations (surgical, elderly, obstetric), and the concomitant use of vasopressor therapy included in the study design. Therefore, blind volume preloading before spinal anaesthesia in non-obstetric patients undergoing spinal anaesthesia is not regularly performed. 6 Inferior vena cava (IVC) ultrasound (US) has been used in spontaneously breathing intensive care patients 8 and few data are available patients who are not critically ill. 9 Moreover, stroke volume calculations using aortic velocity time integral have been shown to accurately correlate with fluid responsiveness. 10 The variation of the IVC diameter with spontaneous breathing can be assessed in its intra-abdominal portion (ideally at 2 cm from the right atrium) for clinical use.
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However, there is no evidence for its clinical use in the elective, preoperative setting. Recently, Zhang et al 12 identified the IVC collapsibility index (cIVC) measurement as a reliable predictor of arterial hypotension after induction of general anaesthesia. However, this has not been studied in patients undergoing spinal anaesthesia,. The aim of this study was to evaluate the IVCUS-guided volume optimization to prevent post-spinal anaesthesia hypotension in spontaneously breathing ASA 1e3 patients for elective non-cardiovascular, non-obstetric surgery. The primary outcome was a reduction in the incidence of hypotension. Secondary outcomes were the requirement for administration of vasoactive drugs after the procedure and the total volume of fluids required throughout anaesthesia. Moreover, we analysed if preoperative cIVC was useful to predict the incidence of hypotension after spinal anaesthesia.
Methods
After approval by the Ethical Committee (Ethical Committee Bellinzona e Switzerland; April 2014, Chair: Prof. G. Zanini -N CE2796), registration in clinicalTrial.gov (NCT02271477), and written informed consent, we enrolled 185 consecutive ASA 1e3 patients aged 18e65 yr scheduled for non-cardiovascular, non-obstetric surgery under spinal anaesthesia in this prospective, randomized, cohort study. The study flowchart according to the CONSORT statement is shown in Fig. 1 . 13 Exclusion criteria were: the need for invasive blood pressure monitoring according to institutional guidelines, a preexisting arterial hypotension [defined as two measurements of systolic arterial pressure <90 mm Hg and/or a mean arterial pressure (MAP) <60 mm Hg], absolute contraindications or failure to perform spinal anaesthesia and patients scheduled for unilateral spinal anaesthesia.
The patients included were randomized into two groups in block of six, according to a computerized random list. A person not involved in the enrolment centrally handled the randomization list to guarantee allocation concealment. Patients were randomized at individual level, using the method of minimization incorporating a random element; the minimization factors were the age (cut off 65 yr), the ASA status (level III or level I/II intended as 'not III'), any assumption of antihypertensive therapy (intended as b-blockers or angiotensinconverting enzyme inhibitors) or any psychoactive therapy (selective serotonin reuptake inhibitors, tricyclic antidepressants, monoamine oxidase inhibitors). The anaesthesiologist in charge of the case was blind to the respective group allocation.
Preoperative fasting started 6 h before surgery and water intake was possible until 2 h before surgery. At arrival in the induction room, a standard non-invasive monitoring (continuous ECG, non-invasive blood pressure measurements every minute and peripheral saturation) was applied and a 18G i.v. line was placed. No pre-spinal anaesthesia fluid load was applied to any patient.
The spinal anaesthesia procedure was standardized: patient positioning in the lateral decubitus position, and after disinfection and sterile covering spinal anaesthesia was performed at the L3-L4 lumbar space using a 27G pencil point bevelled spinal needle (B. Braun Medical SA, Melsungen, Germany). A standard dose of heavy bupivacaine 0.5% (12e18 mg depending on surgery and patient's constitution) was injected slowly with the needle orifice oriented cranially. After injection, patients were immediately positioned supine for 30 min before surgery. Meanwhile, the non-invasive blood pressure was measured every minute and vital parameters were registered continuously throughout anaesthesia and surgery. The degree of sensory block (cold test) was assessed by an anaesthesia nurse not further involved in the study with the aim of a Th8eTh6 level block.
IVCUS was performed before spinal anaesthesia in patients allocated to the IVCUS-group: using a 3S-RS probe of 4.0 MHz (Logiq e; GE Healthcare, Chalfont St Giles, Buckinghamshire, UK) the IVC diameter variation was measured during spontaneous breathing by an M-mode modality through the subcostal view. The cIVC as index of fluid responsiveness in critical patients has been described in previous studies: vessel collapsibility was calculated by measuring the difference between IVC diameter during expiration and inspiration.
14 According to literature, a cut-off variation value of 36% was accepted as positive fluid response. 15 16 Fluid responders received a bolus of 500 ml crystalloids (Ringerfundine; B. Braun) over a time period of 15 min, after which the IVCdiameter variation was reassessed. Identical fluid boluses were applied until a not fluid responder pattern was observed during IVCUS. Thereafter, spinal anaesthesia was performed. Significant hypotension was defined as a fall in systolic arterial blood pressure of either >50 mm Hg or 25% of the baseline value, (baseline values assessed in the preoperative anaesthesia visit) an absolute value of systolic pressure <80 mm Hg, an absolute value of mean pressure < 60 mm Hg, a reduction in MAP >30% of the baseline value for >30 s. 17 The treatment protocol continued in the postspinal anaesthesia period, in order to identify any haemodynamic instability or clinical signs of hypotension. In case of clinical and haemodynamic stability, the patient was treated until haemodynamic stability before surgery start with 500 ml of crystalloids, infused within 15 min. After 5 min of persistent hypotension, the appropriate vasoactive drug for the actual clinical condition was administered (phenylephrine 0.1% 0.2 mg, ephedrine 5 mg, atropine 0.5 mg, repeated every 2.5 min depending on the patient's improvement). The clinical and haemodynamic status was monitored every minute until the patient reached haemodynamic stability before the start of surgery.
To test the association between cIVC measurements and hypotension after spinal anaesthesia, a multivariate logistic regression was performed. The cIVC was calculated according to literature as: (IVC max e IVC min )/IVC max , measured with subcostal view at 4 cm from the right atrial side (Fig. 2) . According to clinical practice and review of literature, a multivariate linear regression was conducted to exclude the influence of confounding factors on an eventual correlation between cIVC and the hypotension rate (age, ASA, and baseline mean blood pressure). A series of models with different predictors were tested, and the model with the maximum adjusted R 2 was selected.
Statistical analysis
For our primary outcome, the reduction in the incidence of postspinal arterial hypotension, 18 we conducted a preliminary, not published observational study in our hospital that showed a postspinal anaesthesia hypotension rate according to above-mentioned criteria was 45% independently of volume preload or not, which was consistent with current literature. 17 19 Other studies report that nearly 33% of nonobstetric patients experience spinal anaesthesia-induced hypotension without volume or pharmacological prophylaxis. 20 Therefore, we arbitrarily assumed a relative risk reduction in the incidence of significant arterial hypotension of at least 33% to be clinically significant, also intended as an absolute risk reduction of 15% of arterial hypotension compared to the control group. A power calculation determined a sample size of 80 patients per group (95% of confidence level) to reject the null-hypothesis with a risk of 0.05 and a power of 0.8. Paired t test was used for parametric data null hypothesis testing, while two-tailed ManneWhitney U test was used to evaluate significance in non-normally distributed parameters, such as the difference in total fluid amount given in the two groups. A c 2 test was adopted for non-parametric variables, such as vasoactive drugs requirements. In all cases a P value <0.05 was considered as statistically significant (95% confidence interval). Results are shown as percentages: mean (SD) for normally distributed parameters; median and relative interquartile range for non-normally distributed parameters. Statistical analysis was performed using SPSS version 23 (IBM, Chicago, IL, USA) and Numbers '09 2.1 version (Apple Inc., Cupertino, CA, USA) software.
Results

Patient outcome
From May 2014 to December 2015 a total of 185 patients were enrolled; 25 of them (13.5%) were omitted according to the exclusion criteria. Therefore, 80 patients were randomized in the IVCUS-group and 80 in the control group (Fig. 1) . Population and surgical characteristics are described in Table 1 .
Primary outcome
The overall rate of arterial hypotension after spinal anaesthesia was 35%; the IVCUS-group showed a lower incidence of arterial hypotension compared to the control group (34 patients vs 22 patients, 27.5% vs 42.5%; P¼0.044). The relative risk reduction in hypotension between the groups was 35%. In all patients the cranial extension of the anaesthetic block was included between T 8 and T 10 , with no difference in block extension between the two groups. All spinal anaesthetics were successful. Medical conditions mandating surgery did not differ between the two groups ( Table 1) .
Vasopressor use
The global rate of vasoactive drugs administration was 22.5% (Table 2 ). In the IVCUS-group 15% of patients (n¼12) required a vasoactive drug at least once compared with the 30% of patients in the control group (n¼24); this difference was significant (P¼0.021).
Fluid administration
We found a significant difference between the groups concerning the total fluid administered: 665 ml in the IVCUSgroup vs 350 ml in the control group (P<0.0001). However, the amount of fluid administered after spinal anaesthesia was 281 ml in the IVCUS group [mean (SD) 243.5 (25.24) ml] and 350 ml in the control group [263.1 (24.37) ml; P¼0.7559]. These data suggest that the difference in the amount of fluid administered was related only to the preanaesthesia intervention associated to the cIVC value and not to an increase of fluids administration after the spinal anaesthesia. In the IVCUS-group, 42 patients (53%) needed an adjustment of fluid administration.
Correlations of cIVC
There was a weak correlation between the cIVC measured and total fluid amount (r 2 ¼0.32), partially linked to the protocol's design (Fig. 3) . Globally, there was no correlation between the cIVC measured before spinal anaesthesia and the reduction of the MAP measured just before and after spinal anaesthesia (r 2 ¼0.0002, Fig. 4 ), as there was no correlation between the administration of total fluid amount and the reduction of MAP before/after the spinal anaesthesia (not shown). The absence of correlation might be due to a greater amount of total fluid administered after the first measurement of cIVC. Using the cut-off value of 36% to further stratify the patients into two populations (needing or not fluid administration), we identified two subgroups: patients with cIVC <36% showed no correlation between any value of cIVC and the change of MAP after spinal anaesthesia (Fig. 4a) . By contrast, in patients with a cIVC >36% there was a slight correlation between the increase of cIVC and the reduction of MAP after spinal anaesthesia (r 2 ¼e0.16), even with adequate fluid administration before the anaesthetic procedure (Fig. 4b) . The multivariate linear regression (ANOVA test) between cIVC and the hypotension rate did not show any specific and significant correlation with other confounding factors, such age, body weight, and systolic/diastolic arterial pressure before the spinal anaesthesia.
Discussion
Using IVCUS for a patient-adapted fluid treatment before spinal anaesthesia leads to a reduction of 15% in the incidence of spinal-anaesthesia-induced hypotension. Moreover, the preventive fluid administration in the ICVUS-group did not turn into a significantly higher total fluids volume administered after spinal anaesthesia. Even though transient hypotensive episodes are generally well tolerated by healthy patients leading only to light headedness, nausea, and vomiting, they might have major impact in the outcome of patients with cardiovascular risk factors. 21 Recently, Monk et al 22 showed in a retrospective analysis an association between intraoperative hypotension and 30-day postoperative mortality in non-cardiac surgery. Additionally, Devereaux et al 23 
described in a recent
review an association between perioperative cardiac complications and intraoperative, anaesthesia-induced hypotension in patients undergoing major non-cardiac surgery. Despite this evidence, fluids and vasoactive drugs used to prevent or treat spinal-anaesthesia-induced hypotension are often not administered following a patient-adapted and monitoring-based concept. 19 24 In fact, relying only on heart rate, MAP, and central venous pressure as surrogate parameters for blood flow to assess the haemodynamic status can be misleading. 25 26 IVCUS is a non-invasive, quickly learned and performed, and well-validated examination that is often used in the emergency and critical care setting and is suitable for the induction area and the operating room as a perioperative screening and treatment monitoring-tool. 12 In our study we identified fluid-responders using a cIVC cut-off value >36% and performed volume optimization before spinal anaesthesia. This cut-off value was previously described in a systematic review by Zhang et al 14 where a total of eight studies involving 235 patients were analysed. The cut-off values of cIVC varied across studies, ranging from 12 to 40%. The pooled sensitivity and specificity in the overall population were 0.76 [95% confidence interval (CI): 0.61e0.86] and 0.86 (95% CI: 0.69e0.95), respectively. The pooled diagnostic OR was 20.2 (95% CI: 6.1e67.1). However, the diagnostic performance of cIVC appeared to be better in patients on mechanical ventilation compared to spontaneously breathing patients (diagnostic OR: 30.8 vs 13.2). The pooled area under the receiver operating characteristic curve was 0.84 (95% CI: 0.79e0.89). The authors concluded that cIVC was of great value in predicting fluid responsiveness.
We could also show a reduction of vasopressor administration in the IVCUS-group. 19 However, these findings are valid for hyperbaric bupivacaine 0.5%. The use of isobaric bupivacaine shows a different spread pattern, differently affecting the reduction of the systemic vascular resistance. 2 The cIVC correlated with a greater need of preoperative fluids, indicating a possible correlation between this measurement and the risk of arterial hypotension. However, due to the amount of fluid given before spinal anaesthesia, we could not demonstrate this correlation described by other groups. Zhang et al 12 investigated the prediction of hypotension after induction of general anaesthesia by preoperative IVCUS in a prospective study on 100 patients. Maximum IVC diameter and cIVC were measured preoperatively. After regression analysis they found that cIVC was an independent predictor of hypotension with OR 1.17 (1.09e1.26). cIVC was also positively associated with a percentage decrease in MAP (regression coefficient, 0.27). They concluded that preoperative IVCUS cIVC measurement was a reliable predictor of hypotension after induction of general anaesthesia, where in cIVC >43% was the threshold. The weak correlation between patients with a cIVC >36% and spinal anaesthesia-induced hypotension in our study might be suggestive to implement this measurement as a predictive tool to avoid spinal anaesthesia-induced hypotension. In fact, there is little evidence that spinal anaesthesia confers a survival benefit, 27 but it is the preferred anaesthesia technique in >50% of high-risk surgery such as hip fractures for patients with severe comorbidities (ASA IV) in Europe. 28 29 Different techniques have been described to assess intraoperative volume management for goal-directed therapy in anaesthesia such as the oesophageal Doppler-derived flow time correct, the stroke volume obtained from Pulse Contour Cardiac Output (PiCCO) and/or Lithium Dilution Cardiac Output (LiDCO), mixed and/or central venous oxygen saturation (SvO 2 /ScvO 2 ), oxygen delivery, and global end diastolic volume (PiCCO system). The main issue of goal-directed therapy is to ensure adequate tissue perfusion and cellular oxygenation by using above mentioned parameters for fluids, red blood cells, and inotropic therapy guidance. Despite different studies using these monitoring systems, the quantity and type of fluids to administer during major elective surgery remains an object of ongoing debate. 30 Moreover, a reduction in mortality could not be shown compared to routine hemodynamic practice in cardiac and vascular surgery. The large benefits described for oesophageal Doppler mostly in colorectal surgery in earlier studies are somewhat offset by advances in perioperative care and surgical technique. 31 32 Our study did not focus on mortality or morbidity but on the avoidance of hypotension after spinal anaesthesia. To our knowledge, no study has compared IVCUS to one of the abovementioned techniques to assess postspinal anaesthesia hypotension. Due to the simplicity of IVCUS for the perioperative use and its non-invasive character compared to the monitoring systems mentioned above (placement of Doppler in the oesophagus, arterial, and/or central venous line needed for SvO 2 /ScvO 2 , PiCCO, and/or LiDCO), IVCUS-guided protocols for patients undergoing surgery in spinal anaesthesia should be encouraged. The outcome parameter has to be chosen wisely as additional monitoring does not automatically translate into improved treatment. 33 Our study has some limitations, such as the impossibility of blinding the patients to the group allocation, potentially leading to biases, in part reduced by the randomization, by the standard definition of arterial hypotension and by the blinding of the statistician about data evaluation. We only studied ASA 1e3 patients (including also hypertensive patients) to analyse our hypothesis in a real clinical setting, as spinal anaesthesia is preferred to general anaesthesia, especially in cardiovascular risk patients. Moreover, ultrasound is an operatordependent technique: even if all IVCUS examinations have been performed by a very small and homogeneous group of anaesthesiologists, specifically trained for this trial and with a solid clinical experience in echography, a possible impact on the results for some interindividual differences in the performance of the technique cannot be excluded. Another limitation is the fact that we did not measure the IVC in the postspinal period as, contrary to Zhang et al, 12 we had spontaneously breathing patients. Moreover, we did not consider the surgery period for additional IVCUS assessment for the following reasons: 1) to concentrate on spinal-anaesthesiainduced hypotension; and 2) to avoid further confounding factors in the assessment of arterial hypotension related to surgery (such as kind of surgery, patient's positioning, duration of surgery, blood loss estimation, etc.). Finally, the study was specifically powered on the primary outcome (the reduction of significant arterial hypotension rate), so the results concerning all secondary outcomes (the use of vasopressors, all cIVC correlations, the total fluid amount) are statistically underpowered and difficult to deduce. Further studies specifically targeted are thus desirable to better investigate these interesting topics. Moreover, future studies should assess IVCUS-measurements also in the control group.
Conclusion
Prespinal anaesthesia IVCUS-guided fluid administration reduces the incidence of arterial hypotension after spinal anaesthesia leading to an optimization of patients' volaemic status and reducing the needed interventions linked to arterial hypotension. The IVC collapsibility index correlated with an increase of prespinal anaesthesia fluid administration, but this did not show any correlation with the amount of postspinal arterial hypotension.
More studies are needed to define the feasibility and economic sustainability of IVC ultrasound analysis as a screening and a treatment tool in elderly, cardiovascular high-risk patients, and its impact on postoperative haemodynamic complications.
